Introduction inactivation or dampening. To test for X-inactivation, we profiled allelic expression of 1 0 0 multiple X-linked genes distributed across the X-chromosome based on single nucleotide 1 0 1 polymorphisms (SNPs) in early and late cells ( Fig. 3; Supplementary file 3) . We found that 1 0 2 the majority of early cells showed monoallelic expression of many genes along with 1 0 3 biallelically expressed X-linked genes, which indicated incomplete reactivation of X-linked 1 0 4 genes ( Fig.3A & 3B) . Moreover, we found significant variation in the proportion of biallelic 1 0 5 vs monoallelic genes between these cells ( Fig. 3B ). Interestingly, late naïve cells showed a 1 0 6 similar pattern of allelic expression as early cells. However, there was a significant increase 1 0 7 in the fraction of SNPs showing biallelic expression in late naïve cells compared to early 1 0 8 naïve cells. (Fig. 3B ). Altogether, these data indicated that late naïve cells do not harbor 1 0 9 inactive X-chromosome but rather they have partially reactivated X-chromosome. If the late 1 1 0 naïve cells underwent X-inactivation, then monoallelic expression of most of the X-linked 1 1 1 genes would be expected. In contrast, we observed increased biallelic expression upon 1 1 2 transition from early to late stage. Next, we examined whether X-dampening was causing 1 1 3 reduction of X-linked gene expression in late naïve cells. From the allelic analysis of X-1 1 4 linked gene expression it was clear that late naïve cells harbor partially reactivated X-1 1 5 chromosome. If these cells harbored dampened X-chromosomes, we would have expected 1 1 6 biallelic expression of most of the genes chromosome -wide, which was not observed. In 1 1 7 addition, we compared median expression of biallelically expressed genes of early cells to 1 1 8 that of the late naïve cells. If X-dampening was occurring then we would have expected a 1 1 9 significant decrease in median expression of biallelically expressed genes in late cells. However, significant differences were not observed ( Fig. 3C ). Taken together, we concluded 1 2 1 that there was neither X-inactivation nor dampening upon conversion of early to late naïve 1 2 2 cells. Second, to determine whether loss of an X-chromosome in late cells is causing the 1 2 3 reduction in X-linked gene expression in late naïve cells, we explored X-chromosome ploidy 1 2 4 of these cells. It was clear that cells harbored two X-chromosomes as evident by the biallelic 1 2 5 expression of some X-linked genes (Fig. 3A) . However, the possibility existed that these cells 1 2 6 may lose part (s) of the X-chromosome. To test for this, the gene expression ratio of X-linked 1 2 7 genes across the X-chromosome was analyzed, but significant differences between early vs 1 2 8 late naïve cells were not identified ( Fig. 3D ; Supplementary file 4). Therefore, we confirmed 1 2 9 that loss of a portion of the X-chromosome is not the cause of reduction in X-linked gene 1 3 0 expression in late naïve cells. Next, we investigated if the erasure of active X-chromosome upregulation might be causing 2013; Li et al., 2017; Lin et al., 2011; De Mello et al., 2017; Sangrithi et al., 2017) . Although X:A ratio should be more than 0.5 and closer to 1. Indeed, we found the X:A ratio of all male 1 4 3 primed cells was greater than 1, indicating that primed hPSCs harbor an upregulated active 1 4 4 X-chromosome ( Fig. 4A ; Supplementary file 5). We then asked whether the active-X 1 4 5 upregulation becomes erased in naïve hPSCs. To test this, we compared the X:A ratio of male 1 4 6 primed cells against different male naïve cell lines. Interestingly, a significant reduction of 1 4 7 X:A ratio in naïve cells compared to the primed cells was observed, suggesting erasure of 1 4 8 active X-chromosome upregulation in naïve cells ( Fig. 4A ). We made sure that the X:A ratio 1 4 9 was not impacted by the difference between X-linked and autosomal gene expression 1 5 0 distribution for each dataset (Fig. 4B ). We focused on male cells for analysis of active-X 1 5 1 upregulation as in female cells X-linked gene expression is often confounded with X-1 5 2 chromosome inactivation / reactivation / erosion. However, we profiled the X:A ratio in 3 1 5 3 different primed female cells (including UCLA1), which are known to harbor one inactive-X 1 5 4 chromosome ( Fig. 4C ). We found the X:A ratio of female primed cells was above 1, which 1 5 5 indicated that these cells harbor an upregulated active-X chromosome ( Fig. 4C; Fig. S2B ). Next, we examined the X:A ratio dynamics during the primed to naïve conversion of UCLA1 1 5 7 female cells. An significant increase in the X:A ratio upon transition from primed to early 1 5 8 naïve state was observed ( Fig. 4D; Fig. S2B ). Considering the partial X-reactivation upon 1 5 9 6 transition of primed to early naïve cells, it is obvious that the X:A ratio should increase 1 6 0 provided that the active-X upregulation is not completely erased. If there was complete 1 6 1 erasure of active-X upregulation, the X:A ratio should not have an observable increase. Therefore, this data indicated that erasure of active-X upregulation was incomplete in the 1 6 3 early naïve state. Conversely, a decrease in the X:A ratio was observed in the late naïve state 1 6 4 compared to the early naïve cells, which suggested that erasure of active-X upregulation was 1 6 5 occurring ( Fig. 4D; Fig. S2B ). In this scenario, it is possible that the erasure of active-X 1 6 6 upregulation led to the overall reduction in X-linked gene expression in late naïve cells. However, the decrease in X:A ratio from early to late naïve state was not significant as 1 6 8 expected. We think that a significant increase in biallelic X-linked gene expression from early 1 6 9 to late naïve state was masking this to some extent. In summary, our data suggests that X-1 7 0 dampening is not the determining factor for the reduction in X-linked gene expression in late 1 7 1 naïve cells, and erasure of active-X upregulation might be leading to the decrease of X-linked 1 7 2 gene expression ( Fig. 4E ). While it has been reported that preimplantation embryos carry dampened X-chromosomes, 1 7 7 other studies have provided evidence of inactivation of one of the X-chromosomes. One of 1 7 8 the major challenges to resolve this issue is the lack of availability of surplus number of 1 7 9 human embryos for experimentation. Therefore, hPSCs derived from human embryos serve 1 8 0 as an alternative system. However, conventional hPSCs represent the primed state instead of 1 8 1 about 26% of cells in late naïve state showed XIST expression from both X-chromosomes, 2 0 0 which was similar to what was reported by Sahakyan et al. (2017) . We should point out that 2 0 1 in preimplantation embryos majority of the cells (~85%) express XIST from both X- role in X-dampening. However, we found that reduction in X-linked gene expression was 2 0 4 independent of XIST as XIST-biallelic, -monoallelic and -negative cells showed almost 2 0 5 similar level of gene expression in late naïve cells (Fig. 2B ). On the other hand, allelic analysis of X-linked gene expression at the single cell level 2 0 7 revealed striking differences between the two studies. We found that early and late naïve cells where they found most of the genes had biallelic expression. Importantly, we found 2 1 1 significant variations in allelic patterns of gene expression in different cells within a 2 1 2 population, such as same genes, which were monoallelic in some cells, showed biallelic 2 1 3 expression in other cells. In this scenario, bulk cell population analysis will always show 2 1 4 biallelic gene expression, which was might be the case for Sahakyan's observation. expression in late naïve cells as dampening, we found lack of dampening since there was no 2 1 7 significant difference in the median expression of biallelically expressed genes between early 2 1 8 and late naïve cells (Fig. 3C ). In fact, Theunissen et al. (2016) found that female naive cells 2 1 9 had significantly higher X-linked gene expression compared to male naive cells, which also 2 2 0 suggested that naïve female cells harbored active X-chromosomes instead of dampened X- chromosomes (Theunissen et al., 2016) . In addition, we observed that the proportion of 2 2 2 biallelically expressed genes increased significantly in late naïve cells compared to early 2 2 3 naïve cells, which indicated that the cells were still undergoing the reactivation process. naïve hPSCs underwent non-random X-inactivation dissimilar to the normal development, 2 2 7 and the same X-chromosome that was inactive in the primed hPSCs was again inactivated. Even, naïve cells showed an accumulation of H3K27me3 repressive marks on one of the X-2 2 9 chromosomes, that had not been observed in preimplantation blastocysts (Okamoto et al., 2 3 0 2011). We think the presence of H3k27me3 is the result of incomplete erasure of inactive-X 2 3 1 marks, which is consistent with our observation of a partially reactivated X-chromosome. Taken together, these findings suggest that naïve cells were still in the process of removing inactive-X epigenetic marks. Our study suggests that erasure of active-X upregulation might be causing the reduction in , 2019) . We also found evidence for upregulated active-X in 7 2 3 8 different male primed hPSC lines (Fig. 4A) . Importantly, our analysis of male primed and consistent with some other studies in mouse, which showed that naïve ESC has lower X:A has been shown that male blastocyst had significantly lower X:A ratio compared to the 2 5 0 primed hPSCs (De Mello et al., 2017) . Taken together, we believe that primed to naïve 2 5 1 conversion of hPSCs is accompanied by erasure of active-X upregulation. In addition, our 2 5 2 data indicate that the erasure of upregulation for female UCLA1 is might still ongoing in the to the reduction in X-linked gene expression upon transition from early to late naïve state 2 5 5 (Fig. 4D ). In fact, during germ cell reprogramming it has been shown that erasure of 1 0 showed mostly biallelic expression of SNPs (Fig. S2A) . Moreover, SNPs belongs to the same 2 8 8 gene showed almost similar allelic expression pattern in most of the cells, except for few 2 8 9 cells. naïve state as described in Sahakyan et al. (2017) . In this study, we performed analysis of Theunissen, T.W., Friedli, M., He, Y., Planet, E., O'Neil, R.C., Markoulaki, S., Pontis, J., Wang, H., Iouranova, A., Imbeault, M., et al. (2016) Xiong, Y., Chen, X., Chen, Z., Wang, X., Shi, S., Wang, X., Zhang, J., and He, X. (2010) . 
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